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Abstract
The Tuckahoe Creek has been classified impaired by the Virginia Department of
Environmental Quality (DEQ) indicating that one of the following parameters exceed the
accepted limits: pH, temperature, dissolved oxygen (DO), phosphates, nitrates, and
concentration of fecal coliforms. Throughout the course of this study, two selected sites
have been monitored monthly in order to measure these parameters. Route 288 is located
near a construction site, and Route 621 is near Sycamore Creek Golf Course in a more
rural area. The results from this study have shown that the fecal coliforms have been
uniformly within the set legal limit of 1,000 fecal coliform cells per lOOml of water at
both sites. The dissolved oxygen (DO) for Route 621 has been within the legal and
optimal levels of Smg 02/L during August 2002-November 2002 but dropped to 1.75mg
0 2/L during December 2002-March 2003. The DO from Route 288 has been extremely
low with an average of 1.23 mg 02/L during the monitoring period of December 2002March 2003. This project also studied the effect of these waters on the induction of
antibiotic resistance. However, induction by Staphylococcus aureus 9144 has not been
demonstrated. Monitoring these sites is part of a larger study since the Tuckahoe Creek
feeds into the James River, which then feeds into the Chesapeake Bay. Restoring
Tuckahoe to VA DEQ set standards is an important part of the Preserve the Bay project.

Introduction
Bacterial contamination is the most common problem that impacts drinking water.
Human sewage and agricultural waste are the two main sources of fecal contamination
associated with human activities. Fecal coliforms are coliform bacteria that live in the
intestines of warm-blooded animals. The build up of fecal contamination can result in
unsafe swimming areas and wells, which can pose possible health risks caused by
waterborne infectious diseases such as hepatitis, dysenteries, salmonellosis (Barrell et al.,
2000). Antimicrobials are a set of agents including antibiotics, synthetic anti-infective
drugs, pesticides, and disinfectants (Jonker, 2000). Sometimes antibiotics are used not
only to treat individual diseases, but subclinical administration in feed and water prevents
disease, increases growth rates, and promotes efficient feed conversion in livestock
(Jonker, 2000).
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Due to this widespread use, often misuse, of antimicrobials, certain bacteria are
becoming resistant to them. For example certain strands of Staphylococcus aureus are
already resistant to all antibiotics with the exception of vancomycin (Levy, 1998). S.

aureus, an often deadly bacterium, causes blood poisoning, wound infections, and
pneumonia (Levy, 1998). S. aureus is also a major cause of hospital-acquired infections
(Levy, 1998).
Antibiotic-resistant bacteria owe their drug insensitivity to resistance genes.
Genes, for example, might code for "efflux" pumps, which eject antibiotics from cells, or
genes give rise to enzymes that either degrade the antibiotics or chemically alter and
inactivate the drugs (Levy, 1998). Resistant genes can either reside on the bacterial
chromosome or on small rings of DNA called plasmids (Levy, 1998). There are three
ways that bacteria acquire resistant genes: inherited, emerge through random mutations in
bacterial DNA, or imported from other bacteria (Levy, 1998).
State and Federal governments create standards, which allow for a low level of
bacterial species to be present in waters and still be deemed safe. The level of fecal
coliforms measures the amount of bacteria contamination in the water. There are also
microbiological guidelines and standards set for the various water types: private supplies,
drinking water in containers, vending machines, and others (Barrell et al., 2000). In order
for a water body to be used for contact recreational use, in accordance with the Virginia
fecal coliform standard, the level must not exceed 1,000 fecal coliform cells per IOOml of
water (Va DEQ, 2002).

4

Coliform bacteria are part of the Enterobacteriaceae family. Several species of
bacteria from this family are found normally in the soil and water and are nonpathogenic. Coliform bacteria are rod-shaped and can use lactose for food (Alabama
Water Watch). Specifically, coliform bacteria that live in the intestines of warm-blooded
animals are called fecal coliforms. Escherichia coli (E. coli) is an example of a fecal
coliform. E. coli is the primary coliform bacterium in the intestinal tract of warmblooded animals. Therefore, its presence in animal waste leads to possible fecal
contamination in water. For this reason, E. coli is used as an indicator organism for fecal
contamination. However, E. co/i's significance in food and water has been questioned
due to this organism's wide distribution in the environment. Therefore, in previous
studies, multiple antibiotic resistance (MAR) indexing was used to distinguish E. coli of
high-risk origin from those of other sources, such as deer or waterfowl. Human, poultry,
and swine are considered to be examples of high-risk E. coli, which indicates the
potential for greater antibiotic resistance patterns (Kaspar, 1990).
In another study, fecal streptococci, gram-positive, chain forming, spherical
bacterial cells were to determine sources of pollution instead of fecal coli forms. These
microbes tend to persist longer in the environment than fecal coliforms, there is no
difficulty in isolating them, and antibiotic resistance patterns appear to have more
potential with fecal streptococci than E. coli (Hagedorn et al., 1999). This study showed
that antibiotic resistance profiles in fecal streptococci can be used to identify sources of
fecal pollution from beef cows, dairy cows, humans, chickens, deer, and waterfowl
(Hagedorn et al., 1999).
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Studies have shown that sludge and wastewater samples from various locations
were analyzed to determine whether multiple antibiotic resistant resistance patterns
correlated with location and type of waste (Pillai et al., 1997). The antibiotics were
chosen based on their efficacy against Gram-negative bacteria, and their widespread
usage for either human clinical purposes or animal production. It has been shown that
several antibiotics enhance the proliferation of resistant bacterial populations if used in
animal production (Pillai et al., 1997). This particular study could not find a discernable
pattern in the resistance characteristics of the isolates from various waste types.
Therefore, the findings in this study revealed that antibiotic resistance patterns might not
be a valid method with which to categorize areas with high levels of fecal contamination
(Pillai et al, 1997).
Other parameters used to determine if a stream is impaired is based on the
concentration of salinity, conductivity, and dissolved oxygen (DO) present. Salinity is
the measure of soluble salts, and conductivity is the measure of the total concentrations of
ionized substances (VA DEQ, 2002). The standards for salinity and conductivity are
pending, but a change in concentration is an indicator for the need of further testing.
Adequate concentrations of DO are necessary for the life of fish and other organisms.
Levels above 5 milligrams per liter (mg 02/L) are considered optimal, and most fish
cannot survive at levels below 3 mg 02/L for prolonged periods of time. If the DO level
is below 1 mg 02/L, it is called hypoxic. If oxygen is completely absent, it is called
anoxic (http://wow.nrri.umn.edu/wow/under/glossary.html).
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The aims of this project include quantitating microbial populations and examining
antibiotic resistance patterns of selected isolates at two sites identified on Tuckahoe
Creek, on Route 621 at the Sycamore Golf Course and the bridge on Route 288
surrounded by a construction site. The Tuckahoe Creek has been classified impaired by
the Virginia Department of Environmental Quality (VA DEQ) indicating that one of the
following parameters exceed the accepted limits: pH, temperature, dissolved oxygen
(DO), phosphates, nitrates, and concentration of fecal coliforms. The selected sites will
be monitored monthly in order to measure these parameters. In depth analysis will
enumerate and quantify microbial populations as well as determine the antibiotic
resistance patterns of selected isolates. This project will also study the effect of these
natural waters on the induction of antibiotic resistance.
Monitoring and testing areas of the Tuckahoe Creek is part of a larger picture.
The Tuckahoe feeds into the James River, and the James feeds into the Chesapeake Bay.
Therefore, restoring the Tuckahoe Creek to DEQ set standards is an important part of the
Preserve the Bay project (http://thechesapeakebay).

Materials and Methods
Route 621(August2002-March 2003) and Route 288 (December 2002-March
2003) on the Tuckahoe Creek in the Richmond area were monitored monthly in order to
test the water quality for physical parameters, bacterial contamination, and antibiotic
resistance. The automated Hydrolab MiniSonde 4a Water Quality Multi-Probe measured
pH, temperature, DO, conductance, and salinity. Ammonia, nitrate-N, and phosphorous
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concentrations were quantified using water monitoring LaMotte Kits, which included
protocols.
In order to determine the fecal coliform levels, the Coliscan method will be used.
This method involves dispensing a small volume of water (3 or 5 mL) and placing it into
a bottle of Coliscan medium. The Coliscan and water sample is poured into a sterile
treated Petri dish and incubated at 37° C for 24-36 hours. Coliscan medium contains two
color indicators. General coliforms produce beta-galactosidase and convert one substrate
to a pink pigment. E. coli produces glucuronidase and converts a second substrate to a
dark purple (blue and pink) pigment (http://secchi.hmsc.orst.edu/).
The potential for water samples to induce antibiotic resistance in Staphylococcus

aureus 9144 was done. S. aureus 9144 is a laboratory strain previously worked with and
known to be very sensitive to the antibiotics evaluated. Water samples (40mL) from each
site were filter sterilized into a flask with Trypticase Soy Broth (0.32g, nutrient powder),
which facilitates growth of the microorganism. The water-powder sample was filtered a
second time with a new filter apparatus and then filtered a third time using Acrodisc
syringe filters in order to obtain sterility. After sterilization, 2mL aliquots were placed in
20 sterile tubes. The induction phase was done by inoculating S. aureus 9144 into one of
the sterile tubes, and then incubating the samples at 37° C overnight. The next day 5 µL
were transferred into a new tube and this process continued for either 10 or 15 days. This
process allows for the cells to replicate in normal environmental water since the medium
is prepared with water from the respective sites. As a basis for comparison, this was done
on samples of deionized water and samples from Route 288 and Route 621.
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The minimum inhibitory concentration (MIC) determines the lowest amount of
antibiotic needed in order to kill organisms. MIC analysis investigated antibiotic
resistance among microbial isolates from the identified sites. To assess possible
induction of antibiotic resistance overnight cultures of S. aureus 9144 (day 10 and day 15
serial transfers in growth medium prepared with water from each site) were diluted to 10
E 4 c/mL, medium seeded (103 c/mL) and dispensed into 12 wells in microtiter plate.
Antibiotics were serially diluted (11 times) in medium seeded with S. aureus containing
an initial concentration of 1000 µg/mL. The plates were then incubated overnight 37°C,
and the MIC' s are documented on an automated plate reader. Increases in antibiotic
resistance may be attributed to induction due growth in the environmental waters. The
ten antibiotics tested included: Penicillin G sodium salt, Kanamycin monosulfate,
Chloramphenicol, Tetracycline, Ampicillin, Cefamandole, Vancomycin, Norfloxacin,
Ceftriaxone, and Erythromycin.

Results
The two selected sites on the Tuckahoe Creek, Route 621 and Route 288, were
monitored monthly in order to test for physical parameters, bacterial contamination, and
antibiotic resistance. The averages from December 2002 to March 2003 obtained via
Hydrolab were calculated (Table I). The pH of Route 621 was higher than Route 288.
Water temperature for both sites decreased as the ambient temperature decreased. The
DO for both sites was below 3 mg/mL. The conductivity at Route 288 was
approximately 2.5 times higher than Route 621. The salinity at Route 288 was 3.6 times

9

higher than Route 621. Route 288 had approximately 10 times more fecal coliform
colonies in 3mL and 5 times more colonies in 5mL than Route 621 (Table 1).
The averages from December 2002 to March 2003 from LaMotte Kits were also
calculated and recorded (Table 2). There was no significant difference in concentrations
ofnitrate-N, phosphorus, and ammonia between sites. However, the concentration of
nitrate-N was higher than concentrations of phosphorus or ammonia for both sites (Table
2).
When analyzing trends in the summary data from Route 621, conductance
decreased with the decrease in water temperature (Table 3). The salinity at this site
remained fairly constant and between the range of0.01-0.04 parts per thousands (ppt)
(Table 3). The overall pH at Route 621 did not have a discernable or significant
fluctuation pattern in relation to water temperature (Table 3). There was no significant
trend in amount of fecal coliforms at Route 621 with a decrease in water temperature
(Table 3). In comparison, there were no significant trends in the conductance, salinity,
and pH with a decrease in water temperature at Route 288 (Table 4). However, the
number of fecal coliforms at Route 288 did decrease with a decrease in water temperature
(Table 4).
MIC analysis with ten different antibiotics was used to compare day 10 and day
15 transfers for both sites to the control (Table 5). However, the computer-generated
results from Route 621 for the day 15 transfer were inconsistent since negative resistance
was illustrated. For Route 621(day10) and Route 288 (day 15) showed more resistant to
cefamandole than the control (Table 5). Both sites were more resistant to penicillin at
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day 10, and at day 15 for Route 288 the resistance to penicillin doubled (Table 5). Route
621 (day 10) was more resistant to norfloxacin, but Route 288 (day 10 and 15) had the
same resistance as control (Table 5). Route 621 (day 10) and Route 288 (day 10 and 15)
were both more resistant to ceftriaxone. For both sites, resistance to the other six
antibiotics tested did not differ from control results (Table 5).

Discussion

The goals of this study were to investigate the physical parameters, bacterial
contamination, and potential antibiotic resistance of isolated microbes at two selected
sites, Route 621 and 288, along the Tuckahoe Creek. The Virginia Department of
Environmental Quality has established standards for the levels of dissolved oxygen and
fecal coliforms. However, the standards for conductivity, salinity, nitrate-N, ammonia,
and phosphorous are still pending
The three trials taken during the monthly monitoring of each site using the
Hydrolab, LaMotte Kits, and Coliscan method were averaged. The Hydrolab collected
data on water temperature, pH, salinity, conductivity, and dissolved oxygen (DO). The
LaMotte Kits were used to determine the presence of nitrate-N, ammonia, and
phosphorous at the two sites. Fecal coliforms were counted using the Coliscan method
and plates. The higher acidity of water samples at Route 621 in comparison to Route 288
could possibly be due to chemicals applied to the adjoining golf course greens. DO
averages normally increase with a decrease in water temperature since cold water holds
more oxygen than warmer water. The average DO for Route 621 from August to
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November 2002 was 6.61 mg/L, which is above DEQ limits. However, at both sites as
water temperature decreased, DO averages from December 2002 to March 2003 were
below the minimum of3 mg/L. In regards to conductance, the higher conductivity at
Route 288

c~uld

reflect the disturbances due to recent road construction adjacent to the

site. DEQ does not have standards for conductivity and salinity in fresh water, but
further testing is needed to determine the effects of these parameters on the freshwater
environment.
DEQ also does not yet have standards for nitrate-N, phosphorous, or ammonia.
The tests performed in order to determine the concentrations of these parameters at the
two sites indicated that nitrate-N was present in the greatest concentration. Ammonia
concentration was present in a minimum if it was even detected. The LaMotte Kits,
therefore, did not yield significant results.
The DEQ set legal limit for fecal coliforms is 1,000 fecal coliform cells per lOOml
of water. Though Route 288 had a greater concentration of fecal coliforms than Route
621, both sites were well within the legal limit. Route 288, however, is a heavily wooded

site, thus higher fecal coliform counts could be indicative of a greater amount of wildlife
in the area.
The results from the MICs testing for antibiotic resistance showed interesting
trends. For the day 10 transfers at both sites, the antibiotic resistance was the same as the
control for the following antibiotics: vancomycin, chloramphenicol, and ampicilin. The
day 1O transfer (Route 288) was one well lower than both the control and day 10 transfer
(Route 621) for three antibiotics: erythromycin, tetracycline, and kanamycin. However,
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the resistance exhibited at the day 15 transfer (Route 288) increased to equal the
resistance of the control and day 10 transfer (Route 621) for those three antibiotics.
Therefore, by extending the transfer period from 10 to 15 days, Route 288 showed an
increase in resistance to those three antibiotics by only one weII change, which is not
significant. Route 621 was more resistant to norfloxacin than the control and both day 10
and 15 (Route 288) transfers, which showed equal resistance to norfloxacin.
Route 621 and 288 were both more resistant to penicillin, cefamandole, and
ceftriaxone as compared to the control. Both sites, therefore, were resistant to a common
group since these three antibiotics are part of the same P-lactam family. The P-lactam
ring is a four-membered ring that contains an amide bond. Penicillins are bicyclic with a
P-lactam ring fused to a five-membered ring and an acylamino side chain (Wolfe et al.,
1984). Penicillin is from the first generation antibiotics consisting of a single ring while
both ceftriaxone and cefamandole are from the third generation antibiotics that have the
P-lactam bond hidden to a greater extent.
A further study should include the continued monthly monitoring of each site in
order to establish baseline data for future DO studies. New and improved methods of
determining nitrate-N, phosphorus, and ammonia also need to be implemented in order to
better quantitiate the respective concentrations. Another study would also involve
repeated testing using MIC's at day 15 to determine if the antibiotic resistance of Route
621 increases as compared to day 10 (Route 621) and day 15 (Route 288).
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Route 621 Route 288
5.65
6.35
1.59
1.17
55.5
1.35
Salini
0.015
0.054
Fecal Coliforms 3mL
0.5
5.16
8.39
1.41
Table 1. Averages of parameters taken from
December 2002-March 2003.

Route 621 Route 288
ppm
ppm
0.665
0.775
Nitrate-N
0.125
Phosphorus 0.173
0.04
0.02
Ammonia
Table 2. Average of chemical concentrations
measured in parts per million (ppm) using
LaMotte Kits. Averaged from December
2002 to March 2003.

SUMMARY DATA SHEET
LOCATION: Route 621-Sycamore Creek Golf Course
TIME

AIR

TEMP 0

Ii

c

WATER
TEMP

pH

DO

Nit.

Amm

Phos.

Fecal
colifonns
5.0
3.0

OC

(mL)

Conduct
ance

Salinity

0.04
0.02
0.04

(mL)

87
81
71

8:29a
2:35p
2:30p

22.23
20.98
14.82

6.81
7.23
6.43

6.98
8.51
8.88

0.93
0.53
0.1

0.0
0.0
0.0

0.0
0.2
0.1

--

19.6

4.0

4.0

5.33

16

97.l
65.97
94.97

ti:•: if·•· · ·

68

2:10p

9.61

6.00

5.63

0.733

0.0

0.3

4

9

46.2

0.01

~. w~
}:<

66

11:50a

6.42

5.74

3.16

0.6

0.08

0.03

0.67

0

44.l

0.01

39
52
79

3:00p
3:10p
4:15p

1.70
3.59
16.08

6.39
4.52
5.98

0.78
1.30
1.13

0.8
0.63
0.633

0
0
0

0.4
0.13
0.133

0
0.66
0.667

0.3
3
2.33

42.5
73.3
62.2

0.01
0.02
0.02

A II
JU

<

i'~

Ht

Table 3. Averages of three trials for each parameter during monthly monitoring
from August 2002-March 2003 at Route 621. The automated Hydrolab collected the
following parameters: temperature, pH, dissolved oxygen (DO), conductance, and
salinity. LaMotte Kits were used to determine the concentrations of nitrate-N,
ammonia, and phosphorus. Fecal coliforms were quantified using the Coliscan
method.

SUMMARY DATA SHEET
LOCATION: Route 288-Bridge
AIR

h

'Ill

TIME

TEM
pOC

pH

DO

Nitrate
-N

Amm

Phos.

OC

!l

4PJ) 54
¢)) 39
fm:I 52

l:

WATE
R
TEMP

48

Fecal
colifonns
3.0
5.0
(mL)

(mL)

Conductance

Salinity

--

9:02a
3:35p
3:30p

3.98
0.88
2.20

7.55
6.54
5.81

1.12
1.17
1.40

0.3
0.8
1.0

0
0
0.0

0.1
0.07
0.03

17
1.0
0.33

30.3
0
0.66

51.3
80.9
237.2

O.Q3

10:05
a

7.40

5.50

1.00

1.0

0.17

0.3

2.3

2.6

170.3

0.076

Table 4. Averages of three trials for each parameter during monthly monitoring
from December 2002-March 2003 at Route 288. The automated Hydrolab collected
the following parameters: temperature, pH, dissolved oxygen (DO), conductance,
and salinity. LaMotte Kits were used to determine the concentrations of nitrate-N,
ammonia, and phosphorus. Fecal coliforms were quantified using the Coliscan
method.

0.11

15

tibiotic (µg/mL)

Route 288
Route 288
Staphylococcus aureus
Route 621
9144 Control
Day 10 Transfer Day 10 Transfer Day 15 Transfer
111 ancomycin
0.39
0.39
0.39
0.39
E'rrthromycin
0.78
1.56
1.56
1.56
Ampicilin
<0.048
<0.048
<0.048
<0.048
'~etracycline
0.39
0.78
0.78
0.78
dtycin monosulfate
6.25
12.5
12.5
12.5
~efamandole
<0.048
<0.048
0.097
0.09
nloramphenicol
12.5
12.5
12.5
12.5
dlin G sodium salt
1.56
0.78
3.1
1.56
Norfloxacin
3.1
3.1
3.1
6.25
I teftriaxone
0.78
1.56
1.56
1.56
Table 5. MIC results as obtained via automated plate reader. Transfers compared
to Staphylococcus aureus 9144 for antibiotic resistance.
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